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THE EFFECTS. OF DESALIVATION BY DUCT
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Summary—Albino rats were desalivated by either duct ligation or extirpation of the major.
salivary glands. The preference tests consisted of a choice between two cups containing a solid
diet or between two bottles containing solutions. The flavour additives were quinine sulphate
or NaCl. Rats normally have a slight preference for salt diets and show a clear aversion for
bitter tastes. Short-term testing of the desalivated rats started 4 days after surgery and long-

© term ftesting at 104 days. Bach test group consisted of 6-9 rats and the same number of
controls. The proportion of flavoured food or fluid selected relative to total intake was analysed
statistically. Both duct-ligated and gland-extirpated rats were hypogeusic to quinine- and NaCl- '
containing solutions. Neither the mode of desalivation nor the time factor played a role in the
acceptance of the quinine- or NaCl-flavoured solutions. Presentation of the same taste stimuli
in either a liquid or solid medium resulted in different taste response of the desaljvated rats.
The texture qualities of the diet were of greater importance in acceptance of food than taste.

per se.

_ 'INTRODUCTION

Surgical desalivation produces changes in taste prefer-
ence in rats which Vance (1965), Kissilefl (1967) and
_Catalanotto and Sweeney (1972} attributed to altered
taste sensitivity. However, Brill and Maller (1972) and
Lawson, Hagstrom and Walter (1974) were unable to
corroborate these findings. This disparity may be due
to differences of method, such as the surgical desaliva-
tory techniques, testing procedures and time intervals
“between surgery and preference testing.

- Vance (1965) reported marked enhancement of pref— ]
erence for  NaCl solutions immediately after duct

ligation which disappeared 30 days later. Catalanotto
and Sweeney (1972) found high preference for NaCl
solutions in both acutely (6 days) aand chrotically (7
months post-surgery) gland-extirpated rats. However,
in subsequent experiments, they (Catalanotto and
Sweeney, 1973) found that 6 months after extirpation
there was a lower preference for NaCl than in the
controls and also a loss of aversion to quinine sul-
phate. Galili, Maller and Brightman (1978) found that
pharmacologically-induced xerostomia in rats was ac-
companied by increased acceptance of NaCl- and
citric acid-flavoured solid food. Our aim was to dis-
cover more about the time intervals between desaliva-
. tion and changes in taste function and to compare the

gffects of duct ligation with those of gland extirpation,
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MATERIALS AND METHODS

‘ Surgtcal procedures

Male Charles River (CD) random—bred a!bmo rats

“were desalivated surgically by either duct ligation or

extirpation of the major salivary glands. The parotid

ducts were ligated at the site ‘where they cross the

lateral aspect of the masseter muscles. The subman-
dibular and the major sublingual ducts were ligated
prior to their disappearance beneath the anterior bei-
lies of the digasiric muscles. Two- ligatures '1-2 mm
apart, were placed on each. duct (Vance, 1965). The
rats were anacsthetized with sodium pentobarbital,
36 mg/kg intraperitoneally (i.p.).

Maintenance of animals

The rats were housed in mdmduaE wire-mesh cages

in a temperature-constant room (23-26°C) with a

reversed light—dark cycle (8 h dark, 161 light). They

were maintained ad libitum on powdered- diet (Purina
rat meal)-and water. Five per cent (w/w) of jelly petro-
latum {Vaseline) was added to all the powdered diets
{except in the texture experiment) to facilitate eating
by the xerostomic fats; food consumption and body
weight decreased dramatically following surgery. The
flavour additives and concentrations were as follows:
NaCl at 0.025, 0.25, 0.5 or 1.0 per cent {w/w) for the
powdered diet, and concentratmns of 2.5 x- 1072,
5% 1072 or 1'x 107'M dissolved in demmzcd
water ; quinine sulphate at 1.3 % 107% 1.3 x 1077
3.3 x 1073 M dissolved in deionized water: sucrose
octaacetate {2 per cent w/w)-was added to the pow-
dered diet in the texture experiment. _
The concentrations for the solutions were selected
on the basis of information obtained from the experi-
ments of Vance (1965} and Catalanotto and Sweeney
(1972, 1973). . : :
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Sulid-food preference test shortly after duct ligation

Six rats with duct ligation were compared with 6
controls of similar weight (500 g). Testing began 4
days after ligation. Fach animal was given a choice of
two identical cups, one containing powdered diet with
NaCl and the other without. The 1 per cent NaCl diet
was offered for 48 h, the position of the cups being
reversed after 24 h. The unflavoured diet alone was
then offered for 48 h, followed by the choice of the
next lower concentration of NaCl*for 48 h, and so on
down o the 0025 per cent NaCl level. The alter-
nation reduced any carry-over effect of preference
from previous stimuli. Food and -water consumption
was measured at 4 and 24 h after onset of the 8 h dark
period to allow for differences in short~ and long-term
preference (Cagan and Maller, 1974). Water intake
was measured in a commercially ~available glass
device graduated in 1 ml increments; food intake was
measured by weighing the food cup before and after
the test period and carefully collecting spilled food
from beneath the cages. The rats in this experiment
had been used previously in a study in which xerosto-
mia was induced pharmacologically by scopolamine
methyl nitrate (Galili er al, 1978). Ten days elapsed
between the last drug administration and surgery.

Two-bottle solution-preference test shortly after duct
ligation

Seven rats with ligated duct were compared with 7
control rats of similar weight (325g) in a2 24h two-
bottle preference test {(Kare and Ficken, 1963). The
choice was between quinine sulphate or NaCl sol-
ution and deéionized water. Testing with the quinine
solution began 4 days and with NaCl 16 days after
Hgation. The solutions were placed in commercial
glass drinking vessels with 1 mm graduations. The
choice was presented for 48 h, with a change of sol-
utions at 24h. Quinine sulphate solution was
presented first and the three concentrations were
given in ascending order. Between each 48h test
period the animals had 48h with deionized water
only. i

Two-botrle solution-preference test 3 months after duct
ligation -

Nine rats with ligated duct were compared with 8
control rats. Six experimental and 6 control rats had
been previously studied immediately after Lgation.
The control rats were heavier (590 g compared with
460 p). Preference tests as above were begun 109 and
122 days after ligation.

Two-bottle solution-preference test 3 months after safi-
vary gland extirpation

Six rats with salivary gland extirpation were com-
pared with 6 control rats which were heavier (490 g
versus 250 g). The first test with quinine was at 101
" days and with NaCl at 113 days after extirpation.
Weight loss on a dry diet was so great that, after 56
days, 5 per cent Vaseline was added to the diet.

Texture-preference test 4 months dfter salivary-gland
extirpation :

The six rats with salivary-gland extirpation were
given a texture preference test 1 month after the sol-
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ution preference test and compared with 6 control
animals which were heavier {525 g versus 285 g). Tests
were begun at 129 days after gland extirpation. The
same procedures as in the solid-food preference test
were used, but the choices were: dry diet versus diet
with 5 per cent Vaseline, dry diet versus diet with 25
per cent Vaseline, diet with 5 per cent Vaseline versus
diet with 25 per cent Vaseline, dry diet with 0.5 per
cent sodium saccharin versus diet with 25 per cent
Vaseline, dry diet versus diet with 25 per cent Vase-
line and 2 per cent sucrose octaacetate (bitter in taste).

Controls

Different, normal animals were used as controls in
each experiment.

Assessment of degree of desalivation

After the above tests, the. degree of desalivation
was assessed in sodium pentobarbital-anaesthetized
animals by measuring salivary flow over 15min in
response to pitocarpine HCl 6 mg/kg i.p. (Bernarde et
al., 1956; Sweeney et al., 1962). This technique is easy
to perform and permits the identification of unsuc-
cessful desalivation, thus eliminating this source of
eITOF.

Analysis of data

Food and fluid intake were expressed as propor-
tions to avoid the problem of differing body weights.
Equal consumption {proportion of 0.5) was regarded
as indifference, variations in consumption were
defined as preference or rejection. The data were
examined by analysis of variance for repeated

measures {Weiner, 1962).

" RESULTS

Solid-food preference test shortly after duct ligation

There were no statistically significant differences
between the ligated rats and the control animals in
their acceptance of salt-flavoured diets at either 4 or
24h after the presemtation of the choice of diets
(Fig. 1). However, the ligated animals tended to accept
a shightly greater proportion of the salt-flavoured diets.
At the first test (4 days after ligation), an increase in
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Fig. 1. Mean (+5E) intake of dry diet containing NaCl.
" for 6 short-term ligated rats and 6 controls.
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Fig.'z. -Mean (4 SE) intake of quinine sulphate and NaCl solutions for 7 short-term iigéted rats and 7
‘ i controls,

water intake of over 30 per cent was noted. Thirty
days after ligation, the rats consumed 80 per cent

~ more water than the controls. Vance {1965) also ob-

served polydipsia in desalivated rats, which was
explained by Stricker (1970) as being due to prandial
drinking. Food intake, 'on the other hand, did not
differ significantly in ligatéd and control rats. o

Two-bottle solution-preference test shortly after duct
ligation : : ) o

Ligated rats displayed an overall higher acceptance
of the quinine solutions (Fy; 35 = 13.38; p < 0.01),
whereas the control rats showed a marked aversion to
the two_ higher concentrations: of quinine sulphate
(Fig. 2). The mean proportion intake by the control
rats was 6 per cent and 1 per cent, respectively; the
ligated rats ingested 33 per cent and 14 per cent of
these solutions, respectively. -

Acceptance of NaCl solutions was significantly
higher by the control rats than by the ligated animals
(Fi1,36 = 405; p < 0.05). No difference was noted in
the mean proportion of liquid intake at the highest
NaCl concentration between the two groups: 44 per
cent and 43 per cent, respectively. Water intake in-

creased 8 days post-ligation, and continued to in-
crease throughout the rest of the test period, the
ligated rats consuming about twice as much water as
the control animals.

Two-bottle 1u'refea"ence test 3 months after duct ligation

" The ligated rats showed an overall highet accept-
ance of the quinine solutions (F; 45 = 31.23;
p <0.001) (Fig. 3). The two highest concentrations
were rejected by the control rats; whereas the ligated
rats - were, indifferent towards the highest concen-
tration of the bitter solution {mean proportion intake
was 48 per cent and 44 per cent, respectively).

The control rats showed an overall significantly
higher -acceptance of the saline solutions

" {Fu.a5 = 8.83; p < 0.01); the duct-ligated rats were

indifferent to these taste substan_ces {mean proportion
intake of 5 x 107 M NaCl was 53 per cent by the
xerostomic rats versus 77 per cent by the controls).

Two-bottle sb!ution-pr‘eference test 3 months after sali-
vary-gland extirpation

The extirpated rats showed an overall significantly
higher acceptance of -the quinine solutions
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Fig. 3. Mean (+SE) intake of quinine sulphate and NaCl solutions for 9 long-term ligated rats and 8
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856 D. Galili, O. Maller and V. I. Brightman
= 1 Ob ol
El s——e | ong-term extirpdted —§
5 E o—wa Control {__ -
5 o8l ogfb—— "
3
B3 i
2 o8- asr-}:\ /
ols e st
e { [}
< 049~ - 04
< ~
2 4ot
E [ \ a2
- N\
[=]
2 ool ] ¥ ool )
o 13xi078 1.3x1093.3x10°°  25x1072, 5x1072 ot

Log of quinine sulphate concentration(M)

L og of NaCl concentration {M}

Fig. 4. Mean { + SE} intake of quinine sulphate and Na(l solutions for 6 long-term extirpated rats and 6
controls.

(Fu.200 = 21.54; p < 001) (Fig. 4. Whereas the con-
trol -animals dramatically rejected the highest
{3 x 10° M) quinine concentration {mean proportion
intake 3 per cent), the extirpated rats accepted it more
willingly (mean proportion intake 24 per cent).

There was an overail significantly higher accept-
ance of the NaCl solutions by the control animals
{Fii.30, = 41.61; p < 0.01), which was expressed as a
preference for ail three NaCl concentrations {mean
proportion intake was 79, 84 and 92 per cent, respect-
ively). The extirpated rats were quite indifferent in
their preferénce for salt solutions. :

Texture-preference test 4 months after salivary-gland
extirpation .

The extirpated rats preferred all five oily diets when
they were presented with a choice of cily and dry food
{(Fig. 5\ They not only chose the oily food versus a
sweet-flavoured (sodium saccharin) dry diet, but even
preferred an oily bitter-flavoured diet to a dry diet.
The control rats generally responded indifferently to

O
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Flavoured /oily diet {g)

0.2

Mean proportion =

the possible choices, except for the 5 per cent Vaseline
versus the dry-diet choice, where they showed a
slightly higher preference for the lubricated food
(mean proportion intake 68 per cent). An interesting
observation was the lack of rejection by the conirol
group of the 25 per cent Vaseline-lubricated diet con-.
taining 2 per cent sucrose octaacetate (mean propor-
tion intake 56 per cent). -
The following three preference tests were analysed:
a choice between dry and 5 per cent Vaseline-lubri-
cated diets; a choice between dry and 25 per cent

" Vaseline-lubricated diets; a choice between 5 per cent

Vaseline and 25 per cent Vaseline-lubricated diets.
The analyses revealed an overall significantly higher
acceptance of the oily diets by the extirpated rats
(Fou.14 = 4558, p < 0.01). _
Correlation tests showed that the xetostomic rats
preferred the oily diet to the dry sweet food
{({{10) = 4.67; p < 0.01) and more willingly accepted
the oily, bitter-flavoured diet than did the control ani-
mals {¢ {10) = 3.59; p < 0.01) T

. D c_om.rol
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Fig. 5. Preferences for oil and flavour additives in the diet for 6 long-term extirpated rats and 6 controls,
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Assessment of desalivation

Extirpation proved a more reliable technique than
ligation to produce desalivation (Table 1),

DISCUSSION

The results show that there were no differences
between acutely or chronically lgated rats in selection
of the tested tastants, indicating that post-operative

@ @ ) effects of either duct ligation or gland extirpation do

Control

saliva

not include changes in taste preference. Thus, both
the duct-ligated and gland-extirpated rats exhibited
pronounced hypogeusia to the NaCl solutions. In
general, rats desalivated by either method showed
lower acceptance of the NaCl solutions than did their

I ERE controls. Untreated rats normally prefer saline. How-

- No. of rats providing
measurable amounts of

" Experimental .

Control
175 £ 0.1
103 X 0.06
197 % 0.11

Mean saliva volume
 (ml + SEM)

0.1 + 007

Experimgntal o

Control

(g = SEM)
(n=9) 6251158 (n=8) 006+ 004 -

(n=6) 531 % 1L5(n

‘Mean body weight

313 4+ 155

Experimental
429+ 119(m=6) 535+94 (n=6)

487 +'174

Table 1. Volume of saliva collected from rats desalivated by different surgical techniques

. Pdst
desalivation
(days)

32
132

i S

Surgical
technique
Ligation
Ligation

ever, the desalivated rats exhibited a higher accept-
ance of quinine solutions than did the control rats,
which extensively avoided these bitter-tasting liguids.
These results are in keeping with the findings of Cata-
lanotto and Sweeney {1972). However, for salt sol-
utions, our findings contradict those of Vance (1965)
and of Catalanotto and Sweeney (1972) who found
that ligated and extirpated rats consimed more NaCl
solution than did their controls. We observed indiffer-
ence to salt solutions in the all desalivated animals.
These divergent results may be because in the above-
mentioned studies the rats were fed a dry diet and
prandial drinking was prominent. Catalanotto and
Sweeney (1973) used an oily diet contatning 28.6 per
cent corn oil, which eliminated prandial drinking
Although the diets to which 5 per cent Vaseline was
added in our study decreased anorexia and weight
loss in the desalivated rats, the diets were not -oily
enough to eliminate completely the prandial drinking
habit. _ . .

The consistency of the preferential and aversive be-
haviour of the three types of desalivated rats {(short- -
and Jong-term ligated and long-term extirpated ani-
mals) in our study is striking. As desalivated rats were
relatively indifferent to NaCl solutions and less averse
to quinine-containing selutions, 2 diminution in taste
sensitivity is strongly suggested.

Henkin ef al. (1971, 1972) and Catalapotto and
Sweeney (1972) proposed that saliva is involved in the
maintenance of normal taste function through its
action on the taste-bud epithelium. Nanda and Cata-
lanotto (1978) found mild hyperkeratosis of the ton-
gue epithelium in desalivated rats except in the pore
region of the fungiform and vallate papilla. Cano,
Roza and Rodriguez-Echandia (1978) and Gomez-
Ramos and Rodriguez-Echandia (1979) reported that
extirpation of the major salivary glands produced a
significant increase in the rate of development of the
intermediate type of taste-bud cells in the vallate
papilia of the rat 15 days after extirpation. Hence the
receptor function of taste-bud cells is sensitive to
desalivation. However, because the behavioral
changes we observed occurred shortly after desaliva-
tion, it is unlikely that they were the consequence of
degenerative changes of the taste receptors and epith-
ehium.

Comparison of the responses of surgically desali-
vated rats to solutions with responses of acute phar-
macologically induced-xerostomic rats to flavoured

0

=6)

144"

Extirpation

.
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dry diets (Galili et al., 1978), revealed that the drug-
desalivated animals showed a greater acceptance of
salt-flavoured diets than did the surgically desalivated
ones. The pharmacologically induced xerostomic rats
did not differ from control animals in their response
to a bitter-flavoured diel {sucrose octaacetate). This
discrepancy may be atiributed to the different media
which contained the tastants (solution versus dry
diet), to the different techniques of desalivation and/or
to the absence of prandial drinking among the phar-
macologically induced ‘xerostomic rats. The rats
which had shown a higher acceptance of sali-
" flavoured diets when desalivated by scopolamine ad-
ministration than their controls (Galili et al, 1978},
did not differ from their controls with regard to salt
acceptance after duct ligation. Thus, animals desali-
vated by varying technigues responded to the same
taste stimuli in different ways.

Hamilton (1964) reported that food intake.of not-
mal rats may. be influenced by the greasiness of the
diet. In our texture-preference tests, the behaviour of
the xerostomic rats indeed suggested that textural
qualities assume greater importance than taste with
regard to acceptance of food. They invariably pre-
ferred the oily diets, and neither sweetening the dry

" diet nor -adding high amounts of a bitter flavour to
the lubricated food altered their preference for the
latter.

_ Changes in salwary funct:onmg effect the percep-
tion of both physical and chemical characteristics of
the " diet, the physical becoming -a-more powerful
stimulus in the control of dietary habits. Dysfunction
of salivation produces disorders of oral semsation
which inc¢lude- difficulties in taste  sensitivity, taste
preference and textural preference.

Acknowledgements—The project ~ was supported by
Research Funds USPHS DE 03764, DE 04756 and
5T32DE 07036 to the University of Pennsylvania, School
of Dental Medicine. Supported (in part) by a grant from
the Joint Research Fund of the Hebrew University-
Hadassah School of Dental Medicine founded by the
Alpha Omega Fraternity and the Hadassah Medical Or-
ganization.

REFERENCES

Bemarde M A., Fabian F. W Rosen S, Hopper C. A and
Hunt H. R. 1956. A method for collection of large quan-
tities of rat saliva, J. dent. Res. 35, 326-327. .

Bodak-Gyovai L. Z., Nichols C. and Brightman V. J. 1976.
Histopathologic changes in the major salivary glands of

D. Galili, ©. Maller and V. J. Brightman

the Wistar rat following ductal ligation. J. dent. Res. 55,
Special issue B, Abstract 55.

Brill W. and Maller . 1972. Selection and intake of sugars
by desalivated rats. Behav! Biol. 7, 445-452.

Cano J., Roza C. and Rodriguez-Echandia E. L. 1978
Fffects of selective removal of the salivary glands on
taste bud cells in the valiate papilla of the rat. Experien-
tig 34, 12901291,

Cagan R. and Maller O. 1974. Taste of sugars: brief ex-
posure single-stimulus behavorial method. J. comp. phy-
siol. Psychol. 87, 47-55.

Catalanotto F. A. and Sweeney E. A, 1972, The effect of
surgical desalivation of the rat upon taste acuity. Archs
oral Biol. 17, 1455-1465,

Catalanotto F. A. and Sweeney E. A. 1973, Long term
effects  of selective desalivation on taste acuity in rats.
Archs oral Biol. 18, 941-952.

Galili D., Maller O. and Brightman V. J. 1978. Effects of
drug-desaiivation on feeding and taste preferences in the
rat. Archs oral Biol. 23, 459464 ’

Gomez-Ramos P. and Rodriguez-Echandia E. L. 1979. The
fine structural effect of sialectomy on-the taste bud cells
in the rat. Tissue Cell 11, 19-29,

Hamilton C. L. 1964. Rat's preference for high fat diets, J.
comp. physiol. Psychol, 58, 459-460. -

Henkin R. 1., Schechter P. 1., Hoge R, and Mattern C. F. T.
1971. Idiopathic hypogeusia with dysgeusia, hyposmia
and dysosmia. J. A med. Ass; 217, 434-440,

Henkin R. L, Talal N,, Larson A. L. and Mattern C. F. T.
1972. Abnormalities of taste and smell in Sjogren’s syn-
drome. Ann. intern. Med, 76, 375-383.

Kare M. R. and Ficken M. 8. 1963. Comprehensive studies
in the sense of taste. In: Olfaction and Taste, Vol !
(Edited by Zottermann. Y.), pp. 285-297. Pergamon
Press, Oxford.

Kissileff H. R. 1967. Loss of saline preference in rats drink-
ing prandially. Am. Zool: 7, 789.

Lawson W. B., Hagstrom E. C. and Walter G. F. 1974, Salt
preference m desaiwgted rais. Physiol. Behav. 12,
733-739. .

Nanda R. and Catalanotto F 1978 Long term effects of
surgical desafivation upon taste acuity, fluid intake and
taste buds in the rat. J. dent. Res. 87, Special Tssue A,
Abstract 1192,

Stricker E. 1970, Influence of saliva on feeding behavior of
the rat. J. comp. physiof: Psvchol. 70, 102-113.

Sweeney E. A, Shaw I. H., Childs E. L. and Weisberger D.
1962. Studies ‘on the protein composition of rodent
saliva. I. Application of methods of paper electrophoresis
to two strains of laboratory rats. Archs-oral Biol. T,
621-631.

Vance W. B. 1965. Observations on the role of salivary
secretion in the regulation of food and fluid intake in the
white rat. Psychol. Monogr. 79 (5), 1-22.

Weiner B. J. 1962. Statistical Principles in Experimental
Design. McGraw-Hill, New York.




